ABSTRACT: An on-board experiment was performed during a research cruise to investigate the ability of deep-sea nematode species to actively colonise defaunated sediments. Small cylinders of 500 µm wire mesh filled with defaunated sediment were inserted into microcosms containing sediment with indigenous meiofauna collected from 1300 m depth in the Arctic Ocean. The defaunated sediments were either enriched with the diatom Thalassiosira weissflogii, or remained unenriched. Samples from the defaunated sediment were taken after 9 and 17 d. As controls, microcosms with sediment containing the indigenous meiofauna but without an internal cylinder were also sampled at each time interval. Nematodes colonised both enriched and unenriched sediments with abundances of up to 20% of the controls. Irrespective of the time of sampling, abundance and number of species were significantly higher in the enriched treatment, suggesting that the presence of food enhances colonisation and resilience. Nematode assemblages in the defaunated sediments were species-rich and differed from the controls. The majority of colonising species were rare or undetectable in the controls, suggesting that episodic disturbances may be necessary for their persistence in deep sea sediments. Colonisation was in part determined by species characteristics such as size and motility. At the same time, a large number of different species colonised the empty cylinders, resulting in poor similarity in community composition between replicates, particularly between samples enriched with diatoms. Our results indicate a poor predictability of community composition of recently disturbed sediments despite highly reproducible abundance and diversity patterns and lends experimental support to the existence of a spatio-temporal mosaic that emerges from highly localised colonisation patterns. 
INTRODUCTION
Deep-sea soft-sediment communities are well known to be extremely species-rich (Grassle & Maciolek 1992) . This high species richness, however, contrasts with the apparent physical homogeneity of the deep-sea environment compared with other highly diverse habitats. Mechanisms to explain this paradox have been the subject of speculation for decades and, as a result, a number of hypotheses have been proposed (Snelgrove & Smith 2002) . One of these is the patch-mosaic model, in which small-scale patches of organic matter and disturbance create microhabitats in space and time, providing opportunity for colonisation. These patches are expected to involve highly localised successions of species depending on the pattern of colonisation and, therefore, allow an overall coexistence of large numbers of species (Grassle & Sanders 1973) . To elucidate the functioning of such mosaic systems, one must understand the mechanisms and rates of arrival of new organisms into disturbed patches. Therefore, basic knowledge of rates and patterns of faunal colonisation and succession is of major importance in understanding the processes structuring the highly diverse communities associated with deep-sea sediments (Gage 1991) .
The applicability of the patch-mosaic model to deepsea communities has gained indirect support from the growing body of literature on patchiness in the deep sea (see reviews by Rice & Lambshead 1994 , Snelgrove & Smith 2002 . Among others, the most important factors determining the patchiness of deep-sea environments are (1) the spatio-temporal patchiness of organic input against a background of low productivity, and (2) sporadic small-scale disturbance events occurring against a background of relative constancy (Grassle & Morse-Porteous 1987) . The patchy input of organic matter to the deep sea has been regarded as both a disturbance and a source of different kinds of separated ephemeral food sources benthic organisms can colonise (Smith 1986 , Grassle & Morse-Porteous 1987 . Small-scale physical disturbances (< 0.01 m 2 , Jumars 1976) are mainly caused by crawling, burrowing and feeding activities of larger animals and are best seen as sporadic events in a discrete circumscribed area, resulting in nonselective mortality of local populations and, therefore, in space for colonisation (Grassle & Morse-Porteous 1987) . In both cases, new habitats create opportunities for benthic organisms to colonise. In the comparatively stable and low energy environment of the deep sea, such patches persist much longer and can potentially be used by a broader spectrum of organisms than in hydrodynamically more energetic shallow-water environments (Thistle 1981 , Gage 1996 , Snelgrove & Smith 2002 .
Although dispersal and colonisation processes of deep-sea macrofauna have been extensively studied (Grassle 1977 , Levin & Smith 1984 , Desbruyères et al. 1985 , Smith 1985 , Grassle & Morse-Porteous 1987 , Snelgrove et al. 1992 , 1996 , Levin & Di Bacco 1995 , virtually nothing is known about these mechanisms in deep-sea nematodes, the most abundant and probably, at the local scale, the most species-rich metazoan group in deep-sea sediments (Lambshead 1993) . Given the differences in lifestyles and dispersal abilities between macrofauna and meiofauna, it is quite conceivable that colonisation processes differ between the groups (Warwick 1984 , Snelgrove & Smith 2002 . Evidence from shallow-water studies suggests that, while fast meiofaunal colonisation of large-scale defaunations, where immigration distances are long, are dominated by (passive) water column processes, active infaunal migration of nematodes can be more important for the colonisation of small-scale defaunations (Chandler & Fleeger 1983 , Schratzberger et al. 2004 ). Due to the generally low hydrodynamics of most deep-sea environments (Munk 1970 , Tyler 1995 and the small-scale nature of disturbances (Jumars 1976 , Thistle 1978 , it is conceivable that infaunal migration processes may be important in determining the smallscale temporal and spatial heterogeneity in deep-sea nematode assemblages.
To investigate active migration by deep-sea nematodes towards open patches, a small-scale laboratory experiment was performed. The experiment aimed at understanding whether deep-sea nematodes can actively colonise small patches of phytodetritus and disturbance and, if so, following which patterns. On the one hand, colonisation patterns may be largely dictated by stochastic effects, with each species having an intrinsically similar potential to colonise a new patch. In this scenario, stochastic effects will play an important role in determining the species composition of small patches of open sediment habitats, and the final stages of colonisation will be rather unpredictable (Gage 1996) . Alternatively, disturbed patches may be colonised by a suite of species following more predictable patterns and determined by species characteristics (deterministic factors) such as their motility and colonisation ability (Horn 1981) . In particular, we tested the following alternative hypotheses: (H 1 ) Deep-sea nematodes actively migrate towards defaunated patches; (H 2 ) Active migration is species-specific, i.e. some species may be more efficient than others and, therefore, colonisation might be not entirely random; (H 3 ) Colonisation is dependent on nematode size, i.e. larger nematodes will have higher mobility (Schratzberger et al. 2004 ) and consequently a better colonisation ability; (H 4 ) The presence of high-quality food (in the form of diatoms) enhances rates of colonisation, i.e. food acts as an attractant for nematodes and can be sensed from a distance (Höckelmann et al. 2004); and (H 5 ) The presence of high-quality food supports higher abundances and number of nematode species over time as detritus-enriched deep-sea sediments generally support higher abundances of meiofaunal organisms (Tietjen et al. 1989 , Gallucci et al. 2008 ) and a larger number of coexisting species (Lambshead et al. 2002 , Fonseca & Soltwedel 2007 .
MATERIAL AND METHODS
Sediment preparation. Field sampling: Arctic deepsea sediments were collected from 1300 m water depth in the Fram Strait, west of Spitsbergen (approximately 79°N, 4°E) using a multiple corer (MUC). The upper 5 cm of 5 cores (originating from a single multicorer deployment) were transferred into a bucket and homogenized by gentle stirring with a spatula to reduce initial variability between microcosms. Homogenized sediments containing meiofauna were then used to fill plastic containers (5 cm diameter, 11 cm height) up to 3 cm height. Sediments were very fine and characterised by a predominance of silt (55%) and clay (40%).
Defaunation and enrichment of sediment: The lower part of the MUC-cores (below 8 cm sediment depth) was sampled and subsequently defaunated by freezing twice to -20°C for 12 h and subsequent thawing at room temperature. Part of the defaunated sediment was enriched with freeze-dried Thalassiosira weissflogii, equivalent to 1 g organic C m -2 , to simulate a disturbed patch enriched with phytodetritus (enriched treatment). Prior to the experiment, the centric diatom T. weissflogii was cultured at 15°C with a photoperiod of 12 h light:12 h dark in artificial seawater amended with f/2 medium (Guillard 1975) . The cultures were harvested via centrifugation after approximately 14 d and then freeze-dried. The freeze-dried diatoms were added to the sediment and gently mixed to reach a homogeneous distribution. The remaining defaunated sediment did not receive any addition and was used to simulate a disturbed patch with no organic enrichment (unenriched treatment).
Experimental design. The experimental design and set-up were adapted from Schratzberger et al. (2004) . A small cylinder (1.6 cm diameter, 5 cm height) of 500 µm mesh filled with either enriched or unenriched defaunated sediment was inserted into the centre of plastic containers (5 cm diameter, 11 cm height) that had been filled up to 3 cm height with sediments containing indigenous meiofauna (Fig. 1) . The 500 µm mesh was used to provide direct lateral access to nematodes burrowing infaunally from the adjacent sediment.
The internal cylinder consisted of a 500 µm wire mesh, open at the top (Fig. 1a) . The bottom of the cylinder was closed with Parafilm to prevent sediment particles from leaking through the base. The cylinder was filled with the defaunated sediment (enriched or unenriched) and then carefully pushed into the plastic container filled with the deep-sea sediments containing meiofauna (Fig. 1b) . To avoid sediment exchange and passive colonisation by nematodes during the experimental set-up, the cylinder was initially covered by a thin plastic tube. The plastic container and mesh cylinder were then carefully filled with filtered (0.2 µm) seawater from the local habitat and haphazardly placed in larger buckets (30 cm diameter) (Fig.1c) . The buckets were then filled with filtered seawater and constantly aerated by means of airstones. Once the sediment in both compartments had settled, the plastic tube was pulled out carefully to start the experiment. Controls, consisting of plastic containers filled with the sediment containing meiofauna, but without mesh cylinders, were also placed in the larger aerated buckets (Fig. 1c) . The experiment was carried out on board the RV 'Maria S. Merian' (cruise MSM/2) at 1°C in the dark.
A total of 22 experimental units (plastic containers with or without internal cylinder) were set up: 8 experimental units for the enriched treatment, 8 for the unenriched treatment and 6 for the controls. These units were distributed over 4 buckets so that each bucket contained experimental units of each treatment. Sampling took place after 9 and 17 d. On each occasion, we sampled 4 replicates of the enriched treatment, 4 replicates of the unenriched treatment and 3 replicates of the control. Each replicate consisted of an entire experimental unit. During sampling, plastic containers were first carefully removed from the larger buckets. Following this, the internal mesh cylinders were pulled out and the sediment transferred into small pots. Controls were sampled using a syringe of the same internal diameter as the cylinders (1.6 cm diameter samples down to 3 cm depth). To characterise the fauna prior to the start of the experiment and verify the efficiency of the defaunation, 4 samples from the homogenized sediment containing meiofauna and 4 samples from the defaunated sediment were taken at the start of the experiment (Day 0).
Sample processing. All samples were transferred to plastic pots and fixed in 4% formalin. In the laboratory, samples were washed through a 32 µm sieve and meiofauna extracted by flotation with Ludox TM50 (Heip et al. 1985) . After staining with Rose Bengal, all nematodes were picked out, evaporated to anhydrous glycerol and mounted on permanent slides for identification. Nematodes were identified to genus level and further separated into species or putative morphospecies. Body length (excluding filiform tails) and maximal width of all nematodes were measured using an image analyzer (AnalySIS 3.0). Nematode dry weight was calculated with Andrassy's formula (Andrassy 1956): wet weight (µg) = length (µm) × width 2 (µm) / 16 × 10
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. A dry-to-wet weight ratio of 0.25 was assumed. Data analyses. One-way ANOVA was applied to assess differences in total nematode abundance, number of species and Shannon-Wiener diversity indices (H', log e ) between the controls (homogenized sediment) at the different time intervals (Day 0 and after 9 and 17 d). Differences in nematode abundance, number of species and Shannon-Wiener diversity indices between treatments and time were analysed using a 2-way ANOVA with 'treatment' (enriched and unenriched) and 'time' (9 and 17 d) as fixed factors. Homogeneity of variances was assessed with Cochran's C-test (Sokal & Rohlf 1995) . No data transformation was necessary for either the 1-way or the 2-way ANOVA. Tukey's HSD multiple comparison tests were used when significant interactions were detected (p < 0.05; Sokal & Rohlf 1995) .
Non-parametric multivariate analysis of variance, PERMANOVA (Anderson 2001) , was used to test for significant 'treatment', 'time' and 'treatment' vs. 'time' effects on nematode assemblage structure. This method allows testing for multivariate interaction terms based on a similarity measure of choice and a nonparametric permutational procedure for the test (McArdle & Anderson 2001) . The analysis was done on Bray-Curtis distances calculated from log(x+1) transformed data using the FORTRAN program PERM-ANOVA (Anderson 2005) . The test was done using unrestricted permutation of raw data (e.g. Manly 1997) with 4999 random permutations. To visualize the multivariate structure of the nematode assemblages, nonmetric multi-dimensional scaling ordination (MDS) was performed based on the same Bray-Curtis similarity matrix used for PERMANOVA. The variability among replicate samples was analyzed using the multivariate index of dispersion (MID) (Warwick & Clarke 1993) . To determine the contribution of individual species to the average Bray-Curtis dissimilarity between treatments, the similarities percentages (SIMPER) (Clarke & Warwick 2001 ) procedure was applied to nematode relative abundances. Data on relative abundances were used for the assessment of which species contributed to the dissimilarity in the structure of nematode assemblages between control and defaunated sediments, irrespective of the large differences observed in absolute abundances. Nematodes were pooled into biomass and morphometric classes (length, width and length/width) on a log 2 geometric scale. Biomass size spectra for controls and samples from the internal cylinder were created by plotting curves of nematode cumulative percentage abundance versus biomass classes. For the morphometric classes, we plotted the proportion of individuals against geometric classes of length, width and length/ width. Differences in the distributions of nematode morphometrics between controls and defaunated sediments were assessed with a chi-squared test.
RESULTS

Microcosm efficiency
A total of 165 species were identified in the controls. The 5 most abundant species altogether accounted for 20.8% of the total community (Monhystrella sp.1: 6.4%, Amphimonhystrella sp.1: 4.5%, Leptolaimus sp.1: 3.7%, Sabatieria sp.1: 3.2% and Thalassomonhystera sp.1: 3%). The other 160 species each represented less than 1% of the total nematode abundances.
Over the course of the experiment, nematode abundances, number of species and diversity in the controls did not differ from the a priori sediment samples (Fig. 2) , neither did nematode community structure (Fig. 3a, Table 1 ).
Colonisation
A total of 93 species (56% of the total number of species in the controls) colonised the defaunated sediments. Nematode abundances in the internal cylinders corresponded to approximately 5% the most abundant species in both treatments (17 and 20%, respectively). The other colonisers each represented less than 2% of the total and were mainly rare or even undetected in the control samples.
Neither nematode abundance nor total number of species showed a significant interaction for the combined effect of treatment vs. time (Fig. 4, Table 2 ). Total nematode abundance was significantly higher in enriched sediments and did not differ between 9 and 17 d (Fig. 4, Table 2 ). Total number of nematode species in the internal cylinders was significantly higher in enriched sediments, but showed a significant decrease with time (Fig. 4, Table 2 ). Nematode diversity showed a borderline significant interaction of treatment vs. time (p = 0.057) ( Table 2) , and significantly lower values (Tukey's HSD test, p < 0.01) were observed after 17 d in the unenriched treatments (Fig. 4) Nematode trophic structure (according to the classification of feeding type based on mouth morphology by Wieser 1953) did not differ among treatments or between treatments and controls, nor did it differ over time (p > 0.05). Selective deposit feeders (1A, Wieser 1953) represented 38% and 45% of the total nematodes in the controls and defaunated sediments, respectively. Nonselective deposit feeders (1B) represented 37 and 35% of the total nematodes in control and defaunated sediments, followed by epigrowth feeders (2A, ca. 15 and 21%) and predators/omnivores (2B, ca. 5 and 4%).
Non-parametric PERMANOVA on nematode species abundance data showed a significant interaction between the factors treatment and time (Table 1) . Individual pair-wise comparisons of effects of treatments for each time interval showed that, while nematode assemblage structure in the controls differed from enriched and unenriched sediments at both sampling times, significant differences between enriched and unenriched sediments were detected only after 17 d (Table 1) . This was mainly due to the lower nematode abundances and number of species in the unenriched treatment. The multivariate post hoc comparisons still showed that controls did not differ over the course of the experiment, while nematode assemblages from enriched and unenriched treatments differed between 9 and 17 d (Table 1, Fig. 3a) . In addition, the multivariate index of dispersion showed that replicates within treatments were highly variable when compared with the controls (Fig 3b) . Unenriched samples were more variable on the first sampling occasion (9 d) and then became more similar with time. In contrast, in samples enriched with diatoms, variability between replicates increased with time (Fig. 3b) .
Results from SIMPER analysis based on the relative abundance data revealed that the differences between control and defaunated sediments were mainly due to the higher proportions of Sabatieria sp.1 and Leptolaimus sp.1 in the defaunated sediments. These 2 species together accounted for 19 and 24% of the total dissimilarity between the control and the enriched (total 3) and unenriched (total dissimilarity = 87.7) sediments, respectively. The complete absence of Monhystrella sp.1 (a dominant species in the controls) from both enriched and unenriched sediments also contributed to the dissimilarities between treatments and control (3.7 and 3.9% for enriched and unenriched treatments, respectively). Other species each contributed less than 3% to the total dissimilarity between treatments and controls.
Nematode biomass and morphometry
In the controls, about 90% of the nematode assemblage consisted of individuals with very low biomass (< 2.5 µg, biomass classes 1 and 2; Fig. 5a ). In the colonised sediments, this class represented less than 80% of the total assemblage and there was a significant increased contribution of nematodes with larger biomass (> 2.5 µg) when compared with the controls (1-way ANOVA, p < 0.05). Cumulative nematode biomass confirmed a higher proportion of individuals with larger biomass in colonised (enriched and unenriched) sediments (Fig. 5b) .
The distribution of nematode morphometric (length/ width) classes assumed a bimodal shape typical of deep-sea assemblages. The first mode represents the nematodes with a stout body shape and the second the slender nematodes (Fig. 6a) . Both morphometric class modes of the colonising nematodes (in both enriched and unenriched treatments) were located towards the right, indicating that colonisation was mainly by larger individuals (Fig. 6a) . Nematode assemblages from the colonised sediments were characterized by greater body length and also body width (χ 2 test, p < 0.01) (Fig. 6b,c) .
DISCUSSION
Microcosm efficiency
Experiments potentially provide the strongest test for existing hypotheses, but their validity may be constrained by the artificial manipulation of nature (Quinn & Keough 2002) . In the present experimental design, the pre-treatment of sediments (i.e. mixing different cores and sediment layers) is likely to have changed the nematode species composition inside our microcosms compared with the natural field situation, which we did not analyse. Nevertheless, the community structure and its dominant genera present at the beginning of the experiment, after mixing, were highly representative of deep-sea nematode communities at the study site (Hoste 2006 , Gallucci et al. 2008 ) and other deep-sea sites (Soetaert & Heip 1995) , thus providing a highly relevant case study. A second potential artefact is associated with the enclosure of the deepsea nematode assemblages in microcosms. It is known from experiments with shallow-water and intertidal nematodes that microcosms can cause significant changes in the assemblages over time (Schratzberger & Warwick 1999 , Schratzberger et al. 2004 ). In the present study, however, no significant changes were observed in nematode abundances, number of species, species diversity or community structure in the control treatments during the 17 d of the experiment, demonstrating the potential of short-term microcosm experiments with deep-sea nematodes. Given the difficulty of conducting in situ experiments in the deep sea and consequently the slow progress of testing specific deep-sea hypotheses, other processes and factors affecting deep-sea nematode assemblages on a small scale may be amenable to experimental testing under laboratory conditions.
Colonisation
The infaunal colonisation of defaunated sediments observed in our experiment confirms our first hypothesis (H 1 ) that deep-sea nematodes can actively colonise open patches, indicating their ability to respond within a time frame of a few days (or less) following a smallscale disturbance. The proportion of nematodes colonising defaunated sediments (from 5% to 20% after 9 d), although relatively low, was similar to, or at the lower end of, reports on infaunal migration by coastal nematodes at comparable (Chandler & Fleeger 1983 , Zhou 2001 , Schratzberger et al. 2004 or longer (Ullberg & Ólafsson 2003a ) time-scales. These results suggest that infaunal colonisation rates in both environments may be comparable, in contrast to general suggestions about lower colonisation rates in the deep sea (Grassle 1977 , Gage 1991 . The number of species that colonised the defaunated sediments in our experiment was relatively high, but still comparable in terms of proportion of nematode species relative to the source assemblage (controls) to 2 shallow-water studies from which information on species composition was available (Schratzberger et al. 2004 , Ullberg & Ólafs-son 2003a .
Nematode assemblages colonising the defaunated sediments were very different from the controls, indicating that species association upon initial colonisation is probably not merely a result of random processes. Indeed, some species did colonise more efficiently, confirming our second hypothesis (H 2 ) that active migration is species-specific. Sabatieria sp.1 and Leptolaimus sp.1, for example, reached elevated proportions after 9 d in both enriched and unenriched sediments compared with control samples, and remained at this proportion over the course of the experiment. Together they accounted for approximately 40% of all nematodes encountered in the defaunated sediments, compared to only about 3% in the controls. Both species are deep dwellers, which at our study site preferentially live in deeper anoxic sediment layers (Hoste 2006) ; they probably have a higher mobility through compacted subsurface sediments that may enable them to access oxygen in the upper layers (Soetaert et al. 2002) . This combination of a high tolerance of reduced oxygen conditions with a greater motility may be an important life strategy to compensate for a lesser competitive ability. Several of the most dominant species in this nematode community, for instance, belong to the family Monhysteridae, whose reproductive rates are generally higher and development rates faster than in most other marine nematodes (Heip et al. 1985 , Bongers et al. 1991 . Interestingly, an investigation on active infaunal movements of subtidal nematodes (30 m water depth) over short distances also found that 1 species of Sabatieria (S. pulchra) and 2 species of Leptolaimus (L. elegans and L. papilliger) were the most successful migrators of all nematode species within the assemblage (Ullberg & Ólafsson 2003a ). These observations from shallow-and deep-water environments clearly indicate a fast colonisation rate (and opportunistic behaviour) of these 2 genera. The other 60% of the total nematode assemblage colonising defaunated sediments were made up by species that were rare or even undetected in the controls. This is similar to other studies that have been conducted on the effects of patches on infaunal biodiversity in the deep sea, where a different suite of species tended to dominate disturbances or organic patches relative to the ambient fauna (Kukert & Smith 1992 , Snelgrove et al. 1994 . Results from macrofaunal colonisation studies also showed that the colonising fauna were markedly different from the fauna in ambient sediment, and that the most common colonisers were rare or absent from ambient samples (Desbruyères et al. 1980 , Grassle & Morse-Porteous 1987 , Snelgrove et al. 1996 . The open space and/or elevated organic matter availability in disturbed patches may act as a competitive release for colonisers, allowing relatively uncommon species to prosper (Kukert & Smith 1992) . Such an efficient response to favourable conditions may guarantee that local extinctions are counterbalanced and may as such be an important life strategy to inhabit a patchily disturbed environment.
In contrast, the predominant nematode species in the controls, Monhystrella sp.1, did not colonise the defaunated sediments in our experiment. This species, like many of the dominant deep-sea species, has a long filiform tail, which has been suggested to be typical for a hemi-sessile life strategy (Riemann 1974) . In addition, experiments on deep-sea macrofauna (Desbruyères et al. 1980 , Grassle & Morse-Porteous 1987 , Kukert & Smith 1992 , Snelgrove et al. 1994 , 1996 have shown that common deep-sea species are poorly adapted to respond to disturbance, suggesting that small-scale patches of disturbance may be less important in the ecology of dominant infaunal species (Smith 1986 ). This may also apply to dominant deep-sea nematodes (Gallucci et al. 2008) . It is important to note, however, that Monhystrella sp.1 is a very small nematode that may have limited active migration ability. Its response to disturbance may involve a completely different strategy (e.g. high reproductive rates) and rely less on motility.
In the defaunated sediments, the size spectrum shifted towards longer and wider nematodes, confirming our third hypothesis (H 3 ) that active migration is dependent on nematode size. Larger species typically forage over larger areas than smaller ones, and they can also more easily burrow through the sediment (Wieser 1959 , Tita et al. 1999 . Therefore, larger nematode body size, and particularly greater width (Tita et al. 1999) , probably confers greater colonisation ability via infaunal migration (Schratzberger et al. 2002 (Schratzberger et al. , 2004 . However, smaller nematodes often inhabit the surface sediment layers (Soetaert et al. 2002 , Hoste 2006 and may largely depend on passive dispersal for colonisation. Passive dispersal was precluded from the present experimental design due to the absence of bottom currents. Therefore, other experimental designs and/or in situ studies are necessary to elucidate the role of passive versus active migration in patch colonisation by deep-sea nematodes.
The higher nematode abundances observed in the diatom-enriched treatment compared with the unenriched treatment indicate that, at a small scale, nematodes may detect and migrate towards patches of phytodetritus, thus supporting the fourth hypothesis (H 4 ). Chemical signals in aquatic environments enable organisms to find food and avoid predators (e.g. Tomba et al. 2001) , and there is a general consensus, based on morphological and experimental evidence, that chemotactic factors govern the primary food-finding mechanisms in nematodes (Jensen 1981 , Zuckerman & Jansson 1984 , Höckelmann et al. 2004 . It is unclear, however, what cues elucidated the response of, for instance, Sabatieria sp.1 and Leptolaimus sp.1 in our experiment. Indeed, the possibility of a 'random walk' behaviour cannot be excluded. Sabatieria sp.1 and Leptolaimus sp.1 colonised both the enriched and unenriched sediments with similar numbers, and neither genus has ever been reported to feed on diatoms. It is possible that they responded to other potential food cues emanating from active bacterial growth on re-mains of organisms killed during and decomposed after the freezing-and-thawing process and/or on the diatom detritus. In fact, many nematode species in the controls, as well as the colonisers of both enriched and unenriched sediments, were selective (1A) or nonselective deposit-feeders (1B), which may feed more on bacteria and dissolved organic matter than on diatoms (Wieser 1953) . As such, their response to the diatom enrichment may have been indirect. We also cannot exclude the possibility that nematodes were attracted by other, biogeochemical cues. Defaunated sediment in the cylinders originated from deeper sediment layers and, therefore, may well have differed in some biogeochemical characteristics from the surrounding sediments containing meiofauna. Sabatieria sp.1 and Leptolaimus sp.1, for example, often occur in deeper, hypoxic to anoxic sediment layers (Hoste 2006) . Hence, some of the observed responses at the species level may relate to factors other than food.
Nevertheless, the establishment of nematode species in the defaunated sediment depended on the presence or absence of diatoms. Mean nematode abundances and number of species remained lower and diversity significantly decreased in the unenriched treatment. The community structure in the unenriched treatment became more homogeneous among replicates since most species disappeared and Leptolaimus sp.1 and Sabatieria sp.1 remained dominant in all replicates. It is likely that species that first colonised these sediments did not find favourable conditions (e.g. appropriate resources) and continued to forage, eventually leaving the internal cylinder. On the other hand, number and diversity of species in enriched sediments were still relatively high after 17 d, confirming our fifth hypothesis (H 5 ) that the presence of high-quality food would support higher abundances and diversity of nematodes. Despite abundance and diversity remaining constant, nematode community structure significantly changed from 9 to 17 d at the enriched treatment. Also, variability between replicates at 17 d increased, indicating a differential development of the assemblages in the different replicates. Nematode abundances and number of species were rather similar among these replicates, indicating that differences were mainly in species composition. These observations support the hypothesis of the existence of a spatio-temporal mosaic that emerges from highly localised successions (Grassle & Sanders 1973) . While the model of Grassle & Sanders (1973) states that natural disturbances create a mosaic of patches that have different species compositions depending on their state of recovery, our results indicate that similar patches at the same stage of recovery can also evolve differently; hence, colonisation may be rather unpredictable. This is probably because the deep sea locally and regionally supports such a large pool of species with diverse abilities to exploit disturbed conditions, resulting in both more numerous and more randomly determined species involved in succession, compared with shallow-water systems (Kukert & Smith 1992 ). In our data, this is apparent from the relatively large number of species (93 species) involved in the colonisation of the defaunated sediments. The colonisation patterns observed here, however, represent only the very early stages of succession. Prolonged experimental incubations are required to determine the fate of these early assemblages of colonisers.
Caution is due when extrapolating from the results of this small-scale laboratory experiment to more complex in situ conditions. Although nematode migration through the sediment is important in the colonisation of small-scale defaunations (Chandler & Fleeger 1983 , Schratzberger et al. 2004 , in situ colonisation of patches by nematodes may also be significantly influenced by water column processes (Palmer & Gust 1985 , Palmer 1988 . Bottom currents may suspend and transport nematodes, particularly those species inhabiting the sediment surface, and may therefore help species to find and colonise suitable patches (Üllberg & Ólafs-son 2003b) . Besides, a larger pool of potential colonisers will be available in a natural setting compared to our microcosm. In this scenario, higher abundances are likely to result and a larger number of different species are expected to be involved. Interstitial migration by adult macrofauna as well as settlement of macrofauna larvae is also likely to influence colonisation by nematodes in situ. Finally, colonisation of azoic sediment can vary markedly between patches of different sizes (Smith & Brumsickle 1989) . In the deep sea, different scales of disturbance are likely to occur and, consequently, various colonisation responses might be expected. To better elucidate the complexity of the colonisation of patches by deep-sea nematodes, more elaborate experimental designs and, ideally, in situ experiments are required.
CONCLUSION
This study provides first insights into the small-scale colonisation of disturbed patches by deep-sea nematodes. It demonstrates that nematode species can actively colonise defaunated sediments within a few days, and that this colonisation is partly dependent on the amount and/or quality of organic detritus present. A relatively large number of species that were mostly rare or even remained undiscovered in the surrounding sediment colonised the defaunated sediments, suggesting that small-scale disturbance contributes to their persistence in deep-sea sediments. Patch coloni-sation was in part determined by species characteristics such as size and motility, which are probably intricately linked. At the same time, a large number of different species colonised the experimental patches (empty cylinders) resulting in poor similarity in community composition between replicate samples, particularly between samples seeded with diatom detritus. This indicates a poor predictability of community composition following colonisation of disturbed patches despite highly reproducible abundance and diversity patterns, and lends experimental support to the patch mosaic model.
Finally, this study illustrates the potential of microcosm experiments with deep-sea nematodes. If microcosms prove to be efficient with deep-sea fauna from other regions and water depths, this would be a significant improvement in our ability to test specific hypotheses in such a remote environment. Moreover, such experiments may also provide valuable a priori information for the development of future in situ experiments, which are more costly and difficult to perform. 
